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Abstract of Thesis 
This study provides information about the kinetics 
of the hydrolytic ring cleavage of imidazolium compounds and 
the catalytic effect of micelles in this ring cleavage. 
9-Methylcaffeine iodide was synthesized and its base cata-
lyzed ring cleavage was studied. The ring cleavage, via 
first order kinetics over the pH range of 7.28 to 10.81. 
Activation parameters were found to be: Ea = 29.4 Kcal 
mole-1 , ~H+ = 28.8 Kcal mole-1 , and dSt = 27.4 cal mole-l 
-1 deg The kinetics were studied in the presence of mi-
celles and no rate enhancement was observed. The mechanism 
for ring cleavage was also investigated. 9-Ethylcaffeine 
iodide was synthesized and its base catalyzed ring cleavage, 
at 30°C and a pH of 9.42, showed pseudo first order kinetics. 
6 -3 -1 The kobs was found to be 1. 5 x 10 sec . The oxidation 
kinetics o-"' 8 ,8-dihydro-9-methylcaffeine to 9-methylcaffeinE:· 
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A. Synthesis and Hydrolysis of the Imidazolium Cations 
There are many examples of methylation of the 
imidazole ring of 7 or 9 substituted purines and purine 
nucleosides. In many such cases the methyl adds to form a 
resonance stabilized imidazolium ion; 
The first methylation of this type was carried out 
by Otto Fisher1 in 1901. Fisher reported that direct heating 
of methylbenzimidazole with methyliodide at a temperature of 
90°-100° g~nerated the dimethyl product; 
Analogous to Fisher's reaction, Smith et al2 in 






benzimidazole with a·phenyl group attached to the number 
8 carbon; 
Other methods of methylation of the monosubstituted 
imidazole have also been carried out. The use of diazo-
methane was reported by Bredereck3 :ln 1947 to generate the 







In 1963 dimethyl sulfate 'tlas used by Jones and 
l.t 
Robins' to also methylate guanosine dihydrate to generate 
Bredereck's product. 
Fisher1 noted that 7j9 dimethylbenzamidazole(l). 
in an aqueous alkaline mixture underwent a hydrolysis re-







It was later found by Smith et ~12 that a stable inter-
mediate was produced during this reaction and its structure 
was proven to be compound(3). 
1 
e 
OH > CX~~o NH 
I 
e 
OH > 2 
3 CH3 
Since then there have been many other studies of imidazole 
ring cleavage hydrolysis reactions of various 7-9 disubsti-
tuted imidazole compounds.5-S 
In this study kinetics of the 7-9 dimethyl imi-
dazole ring cleavage hydrolysis reaction will be investigated. 
B. Micellar Catalysis 
Above a certain concentration detergents 
form globular aggregates called micelles. Below this con-
centration, the critical micelle concentration (CMC), de-




by having a hydrophobic, nonpolar, hydrocarbonlike core. 
The surface, in contrast, is highly polar and ionic in 
nature. A two-dimensional schematic representation of the 
spherical ionic micelle is shown on page 6. 
Micelles have been shown to catalyze various types 
of reactions. 9 There have been cases where cationic mi-
celles of hexadecyltrimethylammonium bromide (CTABr) ca.ta-
example,the micellar catalysis of a Hofmann elimination re-
action· was reported by Minch et a11 ') in 1978. 1'hey observed 
a. rate enhe.ncement of the elimination reaction of 4-nitro-
phenethyltrimethylammonium iodide(4) with the use of N,N-
dimethyl N-Hexadecyl-N-(2)-hydroxethylammonium bromide, a 
cationic surfactant. 
4 
It was thought that the rate of reaction of quat-




should be markedly catalyzed by CTABr because: 
1. The caffeine cation would be destabilized by 
the cationic micelle and 
2. The concentration of hydroxide ion at the 
micelle-water interface would be enhanced 
in cationic micelles. 
Therefore in this study, caffeine methiodide and more hydro-
phobic analogs were synthesized so that they could be 
studied as potential substrates for micellar catalysis. 
.. 
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All NMR spectra were recorded_on a JEOL MINIMAR-100 
MHz Nuclear Magnetic Resonance Spectrometer operating in the 
external lock mode. Tetramethylsilane was used ~s a 
re-f-er-ence (external 'l'TviS was used w.l-tnD2o-;-.-iVIeT-e-ing point 
were determined on a Thomas-Hoover melting point apparatus, 
model No. 6404H. The kinetic properties and UV spectrum of 
caffeine m~thiodide and related compounds were determined 
with a Varian model 635 (Techtron) lJV/VIS spectrophotometer 
equipped with a thermostatable cuvette chamber and a Varian 
A-25 recorder. All other UV/VIS spectra were taken on a 
Cary model 219 UV/VIS s·pectrophotometer with auto baseline 
and gain. All kinetic and related computations were 
accomplished with a Burroughs 6700 digital computer with a 
hard copy attachment. 
B. Synthesis 
1. 9-Methylcaffeine iodide. (caffeine methiodide) 
Caffeine (19 gm, 0.0~78 moles), methyl iodide 
(61 ml, 130.8 gm, 0.978 moles), and 130 ml of N-N dimethyl-
formamide were combined in a Parr model 268 stainless steel 
600 ml bomb and heated with an oil bath to a temperature of 
ll0°C for 24 hours. During this time the caffeine 
dissolved. The reaction mixture was cooled to room 
8 
temperature and diluted with 1500 ml of anhydrous diethyl 
ether. Cooling the mixture in an ice bath afforded green 
crystals after 5 hours. These were suction filtered and 
washed with 200 ml of ice-cold anhydrous diethyl ether. 
The crystals were then recrystallized twice from 150 ml of 
absolute ethariol containing several drops of water. The 
white crystals were air dried and placed in a sublimator 
for 3 hours at a temperature of 100°C and a pressure of 
0.5 mm Hg. Product: Yield 20.34 gm, 0.0605 moles, 61.8%; 
color, light brown; UVAmax 269 nm (page 75); NMR given 
on page No. 67; melting point, decomposes at 198°0. (The 
probable reason for the low yield was due to slight etching 
of the surface of the stainless steel bomb which in turn 
caused a loss in product in.the recrystallization procedure. 
In future preparations a glass insert liner for the bomb is 
recommended.) 
2. Attempted synthesis of caffeine methiodide 
A neat mixture of caffeine (5 gm, 0.026 moles) and 
methyl iodide (32.4 ml, 73.8 gm, 0.52 moles) were heated in 
a Parr stainless steel 600 ml bomb with an oil bath at a 
·temperature of 110°0 for 30 hours. The bomb was cooled to 
room temperature and the reaction mixture was added to 
Boo ml of anhydrous diethyl ether and cooled in an ice 
bath for 5 hours. The white colored crystals that were 
formed were suction filtered and washed with 50 ml of 
anhydrous diethyl ether and air dried. The product was 
shown by NMR to be pure caffeine. 
9 
3. 9-Ethylcaffeine iodide 
Caffeine (5 gm, 0.0257 moles), ethyl iodide (62 ml, 
0.771 moles) and 100 ml of N,N dimethylformamide we~e heated 
at reflux for 14 days. The ruby red reaction mixture was 
cooled to room temperature and added to 1200 ml of anhydrous 
diethyl ether and cooled with an ice bath for 3 hours. The 
upper portion was poured off (approximately 1190 ml) and a 
+---------~·~~e~-viscous T1qu1d remained. The remaining ether in 
the red liquid was removed by rotary evaporation. The 
product was recrystallized in absolute ethanol to afford a 
small amount of dark crystals. The UVA.max' with water as a 
solvent, was found to be 268 nm (see page 76). The NMR spectra 
is shown on page 68 and the UV spectrum of the hydrolysis pro-
duct is on page 77. 
4. Reactions between c~ffeine and benzyl bromide 
Reaction mixtures containing benzyl bromide (62 ml, 
88.2 gm, 0.51 moles), caffeine (5 gin, 0.026 moles) and 
(when a solvent was used) 125 ml of-N~N dimethylformamide 
were heated at reflux from 1 to 120 hours (see table I). 
The mixturG was cooled- to room tem:r:;erature and added to 
1000 ml of anhydrous diethyl ether. The solution was cooled 
with an ice bath for 4 hours and then suction filtered. 
The off-white colored crystals were washed with 50 ml of 
anhydrous diethyl ether.· The NMR spectrum of all reaction 
products (in deuterated DMSO) indicated primarily caffeine 
with some trace amounts of unidentified side-products. 
There was no evidence that benzylation took place. 
TABLE I 
Reaction Conditions of the Attempted Synthesis 
of 9-Benzylcaffeine Bromide 
10 
Number Solvent Reaction Time; Hrs. Results 
(at reflux) 
1 DMF 1 no alkylation obs. 
2 DMF 3D :-: 
3 NEAT 60 II 
4· DMF 60 II 
5 DMF 120 II 
5. Reactions between caffeine and benzyl iodide 
Reaction Mixtures containing benzyl iodide (98.1 gm, 
0.45 moles), caffeine (5.83 gm, 0.03 moles) and 54 :inl of 
N-N dimethylformamide were heated at various temperatures 
ranging from 40° to 200°C and at times ranging for 1 to 
120 hours (see table II). The heated· mixture was cooled 
to room temperature and added to 1200 ml of anhydrous 
diethyl ether. The solution was then cooled with an ice 
bath for 5 hours. The black crystals were suction filtered, 
washed with 75 ml of anhydrous diethyl ether, and air dried. 
An NMR spectrum of each product showed caffeine and a trace 





Reaction Conditions of the Attempted Synthesis 
of 9-Bertzylcaffeine Iodide 
11 




1 DMF 1 45 no alkylation 
obs. 
2 DMF 24 200 (reflux) II 
3 DMF 48 60 " 
4 DMF 120 200 (r~flux) II 
5 DMF 120 55 II 
6. Reduction of 9-methylcaffeine iodide 
Caff-eine methiodide (1 gm, 0. 005 moles) was dissolved 
in 100 ml of deionized water and sodium borohydrate (0.7 gm, 
0.018 moles) was slowly added to the water solution and 
then the reaction mixture "ras stirred for 10 minutes at 
room temperature. The reaction mixture was rotary evaporated 
down to a volume of 10 ml, cooled to 10°C, and 20 ml of 
acetone was added. This mixture was rotary evaporated for 
4 hours at 95 to 100°C to afford a viscous opaque substance. 
The product was stored under a nitrogen atmos~here. The 
product has a UVAmax of 309 nm (see page No. 78). The NMR 
spectrum is found on page No. 69· The spectrum of the 




7. Reaction o_f 9-methylcaffeine methiodide with benzyl 
grignard reagent 
Benzyl bromide (9 ml, 0.0526 moles), magnesium (1.5 grn, 
0.617 moles), and 10 ml of anhydrous diethyl ether were 
stirred together in a dry three-necked 500 ml round bottom 
flask equipped with a reflux condenser, dropping funnel, and 
a riit~ogen inlet. A calcium chloride drying tube was 
attached to the top of the condenser. After several minutes 
the reaction mixture began to warm and bubble. After all 
evidence of a reaction had subsided, dried nitrogen was 
slowly introduced into the flask and caffeine methiodide 
(3 gm, 0.089 moles) was slowly added to the reaction 
mixture. Vigorous sti!,ring with a magnetic stir bar 
partially dissolved the caffeine methiodide and the reaction 
mixture appeared to be a thick emulsion. Anhydrous diethyl 
ether (20 ml) was then added and the mixture was heated to 
35°C with stirring for one hour. The pot residue was cooled 
to room temperature, 25 ml of 10% ammonium chloride was 
added and the mixture was suction filtered. The filtrate 
was washeri with 30 ml portions of diethyl ether three times. 
The aqueous layer was then rotary evaporated at 95°C for 2 
hours to rid the mixture of water. At this point an NMR 
spectrum was taken and showed no· evidence of an aromatic 
group in the reaction mixture. (see page 70). An NMR 
was also taken of the ether layer which showed no evidence 
of the caffeine portion of the molecule (see page 71). 
i 
;---; 
---- - --~ ----- ---
13 
8. Benzyl iodide (~ iodotoluene) 
Sodium iodide (300 gm, 2·moles) was dissolved in 
1500 ml of acetone and then added to benzyl chloride (189 gm, 
1.49 moles). The mixture was heated at reflux for 2 hours, 
poured into 4500 ml of deionized water and cooled with an 
ice-water bath for 3 hours. During this tim~ an oil 
separated from the water and solidified. The solidified 
ye was remove from the water and recrystarlized 
in 200 ml of absolute ethyl alcohol. The melting point was 
25°C (lit. 24°C) and an NMR spectrum revealed pure benzyl 
iodide. 
9. Exchan~?;e of the C-8 proton in 9-methylca.ffeine iodide 
·in D~ 
t. 
Caffeine methiodide (0.1 gm, 0.30 mmol) was dissolved 
in 0.3 ml of n2o. An NMR spectrum (with externai Me 4Si) 
from 55 to 158 did not reveal a signal for the C-8 proton. 
n2o spectrum; singlets at 3.388, 3.828, 4.128, and 4.188 
(see page 72). 
Caffeine methiodide of the same concentration in 
deuterated dimethyl sulfoxide (internal Me 4Si) did show a 
C-8 proton resonating at 9.418. DMSO-d6 spectrum; singlets 
at 3.28<5, 3.768, 4.088, and 4.208, a multiplet at 2.518 









III. Kinetic Studies of Caffeine Methiodide 
The hydrolysis rates of caffeine methiodide in several 
trisma-HCl or triethylamine-HCl buffer solutions were 
followed spectrophotometrically at ~ = 276 nm. A typical 
plot of the change in absorbance ( 276 nm) as a function .of 
time is shown on page No. 80 . The triethylamine-HCl buffer 
solutions ranged from pH 10.81 ([OH] = 6.46 X lo- 4 moles, 
[Et
3
NJ = 3.01 X 10 J M) to pH 10.63 ([OH~] = 4.27 X 10-'M, 
[Et
3
NJ = 2.47 X 10-3 M). The trisma-HCl buffer solutions 
ranged from pH 10.43 ([OH-] - 2.69 X 10-4M,[Tris] = 9.5. X 
10-2) to pH 7.28 ([OH-] = 1.905. X 10-7M,[Tris] = 2.31 X 
10-3M). The pH values were standardized to+ 0.02 pH unit8. 
A 0.01 mola~ hydrochloric acid concentration was used for 
the buffer preparati6n. 
The caffeine methiodide concentration was 7.58 X 10-5 
molar for each kinetic run. A 50 ~1 aliquot of a 0.003108 
molar caffeine methiodide stock solution in distilled water 
was injected in a cuvette containing 2 ml of fresh buffer 
solution to initiate the reaction. The cuvette was 
thermally equilibrated at 24.4°C in the thermostated cuvette 
compartment before the reaction was initiated. For rates 
that were followed for 24 hours or more the reaction cuvette 
was sealed tightly with Apiezon-W wax to prevent evaporation. 
The activation parameters of caffeine methiodide were 
determined by kinetic runs at elevated temperatures from 
25°C to 50°C. There were three trials with one buffer 
solution at each temperature. The data and activation para-
meters are located in Tables VII, VIII and IX, pages 49, 54, 








RESULTS AND DISCUSSION 
A. Synthesis 
In thjs study several quaternary ammonium salts of 
caffeine were synthesized, the first of which is 
9-methylcaffeine iodide (caffeine methiodide) which was 
dimethylformamide (reaction I). The reaction was usually 




HaC-......N ~ H3C'N ~ 






loss of methyl iodide during heating (boiling point of 
Mei 42°C ):Ll The use of a s.tainless steel bomb instead of 
the seale'J. glass tube is a safer a,....1d more efficient way of 
synthesizing caffeine methiodide because attempts using 
sealed pyr,ex tubes often ended in explosions . 
. The Nl~1R spectrum (page 67) of caffeine methiodide 
in dimethyl sulfoxide-d6 showed four singlets of equal 
intensity at 3.286, 3.766, 4.086, and 4.208 which 
corresponded to the four methyl groups. The c8 proton 








Caffeine methiodide displaying the c8 hydrogen. 
When n2o (external Me 4Si) was used as a solvent the four 
methyl groups appeared at 3.26i, 3.728, .4.038, and 4.768, 
but the c8 proton was no longer observed due to rapid 
exchange with the solvent. This type of exchange has been 
observed for several-similar corripounds. 12 It is interesting 
to note that at a saturated concentration of caffeine 
methiodide in n2o, the NrJIR does show a c8 proton singlet 
downfield at 8.708. The marked solvent effect on the 
chemical shift of the C 8 proton ( !:.J.() = 0. 71 ppm) probably 
reflects the relative extent of charge delocalization of th0 
imidazolium ion in the two solvent,system. 
Another method of the methylation of caffeine is 
with the use of the powerful alkylating agent methyl 
fluorosulfonate (reaction II). 13 It has been shown in 
several cases14 ' 15 , with the use of methyl fluorosulfonate, 
that methylation is accomplished at lower temperatures, 
relative to methyl iodide, and at higher yields. Some 





student) show that caffeine dissolves in neat methyl 
fluorosulfonate without heating. When the reaction is 
quenched with alcohol and evaporated to dryness an amorphou~ 
and very hygroscopic solid was obtained. This is presumably 
a-methylcaffeine fluoride. 
II 
Several attempts were made to synthesize 9-benzyl-
caffeine halide (caffeine benzylhalide). The reaction of 
caffeine and benzyl bromide (reaction III) was first attempted 
using various reaction times as shotJ"n on Table I, page 10. 
One of the attempts was done in the absence of solvent. 
0 CH3 CH2Br 0 CH3 
H3c'N/(_(~>-H H3C, ~ N ®}-H + -----7 o~N o-lf N ," N . 
I 
4(], C!-13 CH3 e 
III Br 
It was first thought that a neat reaction of caffeine 
and benzyl bromide would generate the 9-benzylcaffeine 






found that caffeine and methyl iodide (reaction IV) do not 
react without a sol vent. Therefore it is essen.tial to have 
a polar solvent (such as DMF) present. 
An NMR of each product mixture from reaction III revealed 
that no alkylation had occurred. 
Neat > N. R. 
IV 
Caffeine was mixed with benzyl iodide (reaction V) 
at various different.reaction times and temperatures (Table 
II, page 11) but again, the "product mixture" contained only 
reactants and showed no evidence of 9-benzylcaffeine iodide 
(by NMR). 
DMF > N. R. 
v 
In the reaction mixture of caffeine, benzyl iodide 
and N,N dimethylformamide at 50° to 55°C, the solution 
began to turn dark indicating that the benzyl iodide was 
!-t--
19 
decomposing. Therefore a large portion of benzyl iodide may 
have decomposed rather than reacting with the caffeine. 
Heating the reaction mixture at a temperature below the 
observed decomposition temperature (50° to 55°C), also did 
not cause any alkylation, possibly because of the high 
activation energy.for alkylation. 
· After studying a spacial model of 9-benzylcaffeine 
iodide, it is reasonable to suggest.that the reaction of 
caffeine and benzyl iodide is slower than caffeine and 
methyl· iodide due to the relative size of the two alkyl 
groups (benzyl.vs. methyl), even though benzyl iodide is 
four times more reactive than met.hyl iodide (see Table III) 
towards less bulky nucleophiles. Near the site where 
alkylation occurs on caffeine there is a methyl group (it 
can be seen in reaction III) which may cause steric hindrance 
to the approach of large bulky alkyl groups such as benzyl 
iodide. 
TABLE III 
Average Relative S 2 Rates For Some 
n 
Alkyl Substrates16 












~ = 15 
20 
A study by Hecht17 and co-workers showed that the 
sodium borohydrate reduction of 9-methylcaffeine perchlorate 
and similar compounds is possible. We have reacted caffeine 
methiodide with sodium borohydrate to afford Hecht's product, 
8,8-dihydro-9-methylcaffeine. (reaction VI). The NMR. 
spectrum of the isolated product showed four singlets of 
VI 
equal intensity at 2 •. 718, 3.24o,.3,33o, and 3.638 which 
correspond to the four methyl groups. Another singlet with 
two-thirds the intensity of each methyl peak appeared at 
4.608 and represents the 2 hydrogenA on the C-8 carbon (see 
NMR, page No. 69 ). The UV spectrum of 8,8 dihydro-9-methyl-
caffeine has a Amax at 309 mm (see page 78). 
The reoxidation of 8,8 dihyd~o-9-methylcaffeine by 
dissolved oxygen in aqueous media ean be monitored by UV 
spectroscopy. An.overlay comparison of the UV spectra of the 
8,8 dihydro compound dissolved in aqueous acetate buffer 
(pH = 4.4) taken at various times after the solution was 
exposed to air is given on page 81. During the course 
of the reoxidation the absorbance due to the dihydro compound 









to the 9-methylcaffeine cation (~ 266 nm). There is an · max 
isobestic wavelength at ~ = 277 nm. If the water used to 
prepare the buffer is deoxygenated by boili~g and the solution 
is protected from air by a tight stopper, then no reoxy-
genation could be observed over an hour's time. The later 
observation firmly implicates oxygen as the principal 
oxidi~ing agent. Hecht observed that the reoxidation occurs 
did not fully describe the buffer system used. The rate of 
reoxidation is not doubled when: .the ,concentration of buffer 
(at constant pH) is doubled. In fact, it was found that 
when the buffer concentration is decreased ten fold, at 
constant pH, the half life is almost doubled in value (see 
spectr~ on pages 82 and 83). This result is probably due to 
the increase in oxygen concentration when the buffer con-
centration is lowered. Because we could find no consistent 
relationship between buffer concentration and oxidation rate, 
we rule out the buffer~catalyzed oxidation mechanism sug-
gested by Hecht (see 3.1 below). 
The acid catalysis observed by Hecht was probably due to an 





An attempt to describe the mechanism of reoxidation has 
been made by Hecht17 but further study is required, 
especially with oxidizing agents more conveniently studied 
than dissolved oxygen. 
The reaction of 9-methylcaffeine with hydroxide ion 








+-------------~---===~~~~--~~~~----~··~~~--~~~~---=~~----------~ reaction VII. A detailed discussion of the kinetics of this 
reaction is in the next section. 
VII 
The product of this reaction, 1,3-dimethyl-4-methylamino-5-
[N-formyl-r;lethyl.amino] uracil, was obtained by the following 
experiment. A solution of caffeine methiodide (0.3M) in 
aqueous sodium hydroxide (with the~H maintained at 11) was 
allowed to react for 0.5 hours. This mixture was rotary 
evaporated to remove the water. The NMR spectrum of the 
resulting solid in deuterated DMSO, with TMS as a reference, 
showed three singlets a 2.818, 3.058 and 3.298 of relative 
intensity of 2:1:1 respectively. The singlet at 2.818 
was resolved into two singlets (see NMR, page 73) by 
expansion of the NMR spectrum. The four singlets represent 
L __ · 
the four methyl_ groups on the product. 
There are several lines of evidence for a ring 
cleavage reaction when caffeine methiodide reacts with 
hydroxide ion. 
(1) Fisher1 found that the analogous compound 
I . 
7,9-dimethyl benzamidazole generates 1,2 di(methylamino) 
benzene in aqueous base . 
23 
.. CH • .. CH 
+----------------------------~------9--------~-----·~~--------------------------~~ 
04~H OH > ex;: 
CH3 3. 2 CH3 
(2) H. Biltz showed that 7,9 dimethyl-8-deoxyuric 
acid is converted to a formyl derivative in alkali.l7b 
0 fHs . . 0 . CH3 
tl, Ay-N . H ,A I 
o~ •. )-__~" ~=g~ 'j JCNY( 
N I O~N· NH 
~ CH3 HI I 3. 3 CH3 
This formyl derivative could also b9 synthesized from 4,5 
bis (methylamine) uracil. 
(3) Wieland and coworkers18a determined the UV 
and IR spectra of a compound reported to be "caffeine hy-
droxymethylate" by Schmidt and Schilling18b and showed that 
it was really 1,3 dimethyl-4-methylamino-S-[N-formylmethyl-
amino] uracil. 
24 
The assignment of the N-formylmethylamino structure for 
the product of the reaction of caffeine methiodide with 
hydroxide ion is based on several indirect observations. 
Bredereck, Kupsch and Wieland 18 recorded UV spectra 
of several similar uracil compounds, (see Table IV, page 
Z-l:r) witn N-caroonyl groups in'--the ? posit-ion. 'l'ney 
shov-red that 1, 3-dimethyl 4-methylamino 5- [N:....formylmethyl-
aminoJ. uracil* (product from reaction VII) has a Amax almost 
identical to the other compounds. 
TABLE II 


























In a reaction similar to VII (reaction VIII) Haines, 
Reese, and Todd 20 showed that ri~g cleavage also occurs 
with 7-methyl~guanine 
VIII 
iodide. They showed that the N-formylamino group of the 






It was observed that when caffeine methiodide was 
allowed to react with 5% aqueous sodium hydroxide solution 
for several minutes the product of reaction VII, 1,3-
dimethyl-4-methylamino-5-[N-formylmethylamino] uracil was 
further hydrolized to 1,3-dimethyl-4,5-diamino uracil 
(reaction IX)~ The NMR spectrum of the product showed four 
singlets of 
IX 
equal int~1sity at 2.826, 2,868, 3.078, and 3.148 and t~o 
singlets at 2.65o and 2.69o,.each of the latter approximately 
one-third the intensity of each of the former (see NMR, page 
7 4). 'rhe four singlets represent the four methyl groupE; 
and the two smaller singlets represent the amino hydrogens 
(note that these peaks are within the range, l-5o, where one 
would find common amine protons). There is one other peak 
at 4.74o for the solvent o2o. The U.V. spectrum of the 
.product, 1,3-dimethyl-4,5-diamino uracil, showed a ).max at 
281 nm. The literature value of the "max for· 1 ~ 3-dlmethyl-
4,5-diamino uracil is 285 nm. (See page 24, :~Table IV). 
The reaction of caffeine methiodide with a Benzyl 
grignard reagent was also studied. The reaction was 
attempted with ether as a solvent to generate 8-hydro-8-





The reaction mixture was washed with ether and con-• 
centrated on a rotary evaporator. NMR spectrum of the 
concentrated product mixture (in n6-DMSO) showed one large 
broad peak between 3.75o to 4.4bo (NMR spectrum IV, page 
70). The absence of a phenyl peak suggests that no 
benzylation had taken place at the C-8 ~~rbon. 
The failure of the benzylation reaction can be attri-
buted to several factors. The caffeine methiodide was 
nearly insoluble in ether so that only the surface of the 
solid caffeine methiodide had any chance of reacting with 
the Grignard reagent. Some solid did dissolve in the course 
-of the reaction but not much. Also the benzyl Grignard 
reagent may have demethylated caffeine methiodide to afford 




This type of demethylation has been shown to occur in 
several similar quaternary ammonium salts in which the 
21 reaction proceeds in an SN2 mechanism In studyi~g · 
28 
the NMR spectrum No. IV, mentioned above, it is difficult 
to tell if reaction XI did occur due to the broad peak 
in the region of caffeine. There was also no evidence of 
caffeine methiodide or 1,3-dimethyl 4-methylamino 5-[N-
'"'ormylmethylamino] uracil, the .hydrolysis product o 
caffeine methiodide. 
One of the products expected from reaction XI, 
ethyl benzene, is ether soluble~ However an NMR spectrum 
(NMR No. V,.page 71) of the ether washings of the reaction 
mixture (see experimental procedure, page 12) revealed no 
evidence of ethyl benzene. The spectrum indicated only the 
presence of 1,2-diphenylethanej a by-product of the synthe-
sis of benzyl Grignard reagent. Th<; above information 





__ ,_--o-~ = 
29 
The reaction of caffeine with ethyliodide in DMF 
solvent (reaction XII) to form 9 ethyl caffeine iodide was 
DMF > HJC'i~~~H 
o~NYN e 
I I I 
h-
CH /CH2 
3 ,. •-c--~-~~~~~~ 
n3 
The reactivity of ethyl iodide toward nitrogen 
nuc1eophiles is 3.33% that of methyl iodide (Table III,page 
19) and a longer reaction time is needed than for methJl 
iodide (reaction I). Therefore the above mixture was heated 
at reflux for 14 days. An NMR spectrum (d 6--DMSO-TMS, see 
NMR No. II , page 68) of the crude product was consist-
ent with the presence of caffeine ethiodide. There were 
three singlets of equal intensity at 3.25 o, 3.77 o, and 
4.10 o .:which represent the three methyl groups. A multiplet 
at 4.72 o (possibly a quartet) and a triplet at 2.70 o cor-
responds to the ethyl moiety of the product. The c~s proton 
resonated at 9.63 o. 
It is interesting to note that the three methyl 
groups of caffeine ethiodide resonate almost exactly at the 
same chemical shift values as three of the four methyl groups 








Me 9 Me 3 
caffeine methiodide (DMSO) 3.28 3.76 
caffeine ethiodide (DMSO) 3.25 3.77 
caffeine (CC13D)* 3.41 3.59 
*Insoluble in DMSO-d6 
NMR 
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A. • 
PART IV 
KINETICS AND MECHANISM 
Hydrolysis of caffeine methiodide 
In several cases 9-methylcaffeine iodide and 
31 
similar ~ N-dimethyl substituted imidazole salts have been 
5-8 shown to react with hydroxide ion. In this study the re-
action of caffeine methiodide with hydroxide ion (reaction 




·~c·H ,, 3 
VII 
IJ.'his particular wavelength was chosen because it 
corresponc.s to the greatest change in the absorbance during 
the course of the reaction. The increase in absorbance at 
276 nm represents an increase in the concentration of the 
S-N-formyl product as the reaction progresses. A "series 
overlay" f:·pectrum (UV spectrum No. X , page 84) following 
the progrEss of reaction VII shows an isobestic point at 
254 nm which suggests that there is only one reaction oc-
curring (at least on this time scale) 23 during the hydroly-
sis reaction. 
To determine the order of the hydrolysis reaction a 
graph of Log (A
00
-At) Vs. time (t) was plotted. The results 
showed good pseudo first order kinetics throughout the pH 





-. ·------- ---~---~-...-----..---- .. -------·-- ·--·-· 
32 
progress (Abs. vs. t), as followed by the spectrophotometer, 
is shown on page 80, UV VI. 
The observed rate constants (kobs) were obtained 
by a computer using the linear least squares program 
"R.ATECONSTANT." 24 T . 1 t d h f V yp1ca compu er rawn grap s o Abs. s. 
t and Log (A
00
-At) Vs. t are shown on pages 59 and 60 
respectively. The data used in the computation of kobs are 
g1ven in Table V, page tro and--e-ne com--p~t-e-d~kobs ~.ra-ittes---ar­
given in Table VI, page 48. A graph of Log kobs vs. pH 
also generates a straight line, as shown on page 61, with a 
slope of 1.25. 
-B. Mechanism of caffeine methiodide 
There have been two mechanisms proposed for imida-
zole ring cleavage in analogous systems to this reaction. 
The first mechanism was presented by Recht et a117 in 1976 
and involved the addition of hydroxide ion to the C-8 carbon 
as the slow step (Figure 4.1). 
0 TH3 .. 0 CH3 
H3C"N 
I 
H3C'N N~e N)<:H 
0-~L .... ~ .l.... ~c-, OH EIJ -E--· N 0 N N N I bH
3 
I I •i CH3 : cu3 4.1 . CH3 
This was followed by the "abstraction of the proton from the 
previous oncoming hydroxide ion causing cleavage of the 












The negatively charged nitrogen can be stabilized through 
resonance with the nearby carbonyl group (Figure ·4. 3 ) . 
e 
The negatively charged nitrogen then can interact with a 
water molecule .. ~? ~enerate the produc,~_ (Figure:: 4. 4 ) . 
e 
+oH 
The last two steps are considered fast relative to the first 
step in Hecht's mechanism. 
The rate law for this mechanism can be described 
by the following: 
e EB 
d~ = k [OH] [CM] 
dt 1 







In buffered solutions where [OH-] is constant, the rate 
law can be written in the pseudo first-order form: 
dp = k.P[CM$] 
dt -
8 
(at constant [OH]) 
A second mechanism can be proposed that differs 
only in the rate determining step. It involves a rapid 
equilibrium between the reactants to form a tetrahedral 
intermediate as shown in figure 3.8. 
3.8 
The second step (slow step) involves abstraction of the 
proton from the hydroxyl gro~p, imidazole ring cleavage, 
and simultaneous nitrogen protonation by a water molecule 
e + Of-l 
There is a precedent for this mechanism in the 
hydrolysis of 1, 3-diphenyl-2-imj_dazolinium chlorides studied 
by Robinson and Jencks. 25 , 26 These workers found that this 
hydrolysis obeyed the rate law: 
Robinson found that k
0





two terms and that k2[CMffi] '[OH]
2 was prevalent only at pH 
values above 9. 
e 
The plot of kobs vs. [OH] (page 62) curves smoothly 
upward at hi~h pH values (~ 10.27) and a plot of k vs e obs 
[QH] 2 generates a straight line at the higher pH values (page 
63). This information suggests that at higher pH values a 
second order term in hydroxide ion concentration is coming 
into effect, similar to that in Robinson's study. This 
implies that the reaction in this study probably follows 
Robinson's mechanism. 
From pH of 7.28 through 10.43 a tris-HCl buffer was 
used (Table VI, page 48). At pH values of 10.63 and 10.81 a 
triethyl amine-HCl buffer l'ras employed. At this pH value a 
lesser amount of' triethyl amine ·was used relative to tris. 
The graph of kobs vs pH (page 61) shows no dis-
continuity for the pH values· of 10.43 and 10.63, where the 
base form of the buffer was very hjgh; therefore, it can be 
concluded that there was no general buffer catalysis present. 
3. Activation parameters of caffeine methiodide 
Activation parameters, Ea, li.Ht, and fiSt ·were 
calculated for the hydrolysis of caffeine methiodide. Three 
runs of the hydrolysis reaction at various temperatures, 
25°, 30°, 35°, 40°, 45° and 50°, were studied by methods 










each by the procedure previously mentioned. The rate 
constants of the three runs at each temperature were aver-
1 
aged together (Table VIII), and the graph of Ln kii Vs. ¥ 
was plotted (graph VI, page 64).* From the slope 
of this line the energy of activation, E , was calculated. 
1 a 
The plot of Ln kii/T Vs T also generates a straight line 
(graph VII, page 65). From the slope of this line 
AH and AS were calculated (Table IX, pages 55-57). 







D. Micellar Catalysis of Ca.ffeine Methiodide Hydrolysis 
If a nonpolar substrate molecule is taken into a 
surfactant micelle and if it reacts more rapidly there than 
in pure water, we have the phenomenon of micellar catalysis. 
The rate of a reaction increases in the presence of substrate 
once the surfactant concentration exceeds the CMC. 
The reaction site is usually at or near the surface 
of the micelle and for this reason he charge type of sur-
factant strongly influences the catalysis. If cationic sur-
factants a~e used, the surface of the micelle will be posi-
tively charged and will be associated with anionic counter 
ions. If the reaction is carried out in alkaline media, 
th~ counter ions will include hydroxide ions. The effective 
concentration of hydroxide ions should be significantly 
greater at the micelle surface than in the bulk solution. 
For this reason cationic surfactant micelles would be ex-
pected to catalyze the hydrolysis of caffeine methiodide. 
An unpublished study of micelle catalysis of the 
hydrolysis of caffeine methiodide was conducted by Dr. 
Lavinal Ionescu from the University of Detroit. The hydro-
lysis reactions were carried out in a NH~-HCl buffer solu-
tion at a pH of 8.1. Six different surfactants (hexadecyl-
trimethylammonium chloride, cetylethanoldimethylammonium 
bromide, dodecylethanoldimethylammonium bromide, lauryl 
carnitine chloride, palmityl carnitine chloride, and sodium 
lauryl sulfate) were examined. In all cases the presence of 




rate enhancement. This study s~ggests that caffeine 
methiodide is too polar to be effectively taken into 
micelles. 
39 
E. Hydrolysis of Caffeine Ethiodide 
Caffeine ethiodide reacts with hydroxide ion 
(Figure 5.1) to yield 1,3-dimethyl-4-ethylamino-5[N-formyl 
methyl amino] uracil, the analogous product of the hydrolysis 
of caffeine methiodide. This product was never isolated. 
















CH3 / 2. 
CH3 
Figure 5.1 
The hydrolysis of the ethiodide in a trisma-HCl buffer (pH 
9.42,[tris]=4.1 x 10-2M, [HCl]=O.Ol M) at 25°C was followed 
by a repetitive scanning UV spectrophotometer. Each scan was 
started at equal ~ime intervals. The lmax for caffeine eth-
iodide was observed at 268 nm and A for the product was rr.ax 
observed at 273 nm. An isobestic point was observed at 257 
nm. For determination of k b the a.bsorbance values were 
0 s 
obtained at 272 nm, Table X, page 58. The graph of 
Log A
00
-At va time r~sulted in a straight line (Graph No. VIII, 
page 66). With the use of a computer the rate constant, 
6 
. -3 -1 
kobs, was calculated to be 1. 5 X 10 sec . At the same pH 
value the hydrolysis reaction rate of caffeine ethiodide 
shows a 58% longer half life than that of caffeine methiodide 
(UV pages 84 and 77). 
--------------------
TABLE V 
Rate Data for kobs Calculations of 
The Hydrolysis of Caffeine Methiodide 
(Temperature 24.4°C, pH= 7.28 - 10.81) 
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Table V con't. 
Run No. II con't. 
Time ABS 
Hrs. Trial I 
11 87.17 5.61 
12" 99.55 5.73 
13 119.55 5.85 
A oo 6.08 
Run No. III pH= 8.22 
c-~ 
Time ABS 
Hrs. TriaJ. I Trial II 
-
1 0 1.92 1. 97 
2 1.0 2.44 2.47 
3 2.0 2.88 2.90 ~ 
4 3.0 3:24 3.25 
5 4.0 3.53 3.54 





7 6.0 3.97 3.98 
8 7.0 4.14 4.15 
9 8.0 4.28 4.29 
10 9.0 4.39 4.40 
11 10.0 4.48 4.48 -
12 11~0 4.56 4.55 !iii ~ -
A 00 4.9) 4.95 Ill 
--_lc-.-
42 
Table v con't. 
8.71 
bi----
Run No. IV pH = ~-
L~ 
i:l __ 
~ Time ABS 
-
Min. Trial I Trial II IS= ~ 
·-~ o- -
1 0 2.54 2.17 f; 
2 1200 3.15 2.84 
3 2400 3.61 3.35 
4 3600 3.97 3.76 
5 4800 4.26 4.09 
6 6000 4.48 4.33 
7 7200 4.64 4.50 
R 
8 8400 4.77 4.65 -· 
9 9600 4.85 4.77 
10 10800 4.94 4.85 
11 12000 4.99 4.92 
12 13200 5.04 4.97 
A 00 5.20 5.15 IE -
- -
.. 
Run No. v pH= 9.15 
Time ABS 
Min. Trial I Trial II 
1 0 2.62 2.35 
2 300 3.24 3.02 
3 600 3.70 3.50 
~ 
4 900 4.02 3.86 • 5 1200 4.27 4.13 
6 1500 4.45 4.34 
7 1800 4.59 4.47 --= 
8 2100 4.69 4.57 
5"___:_-:___ 
9 2400 4.77 4.66 -
-
10 2700 4.82 4.72 
11 3000 4.86 4.77 ~ 
-
12 3300 4.90 lL80 
A <XI 4.97 4.90 
~~- ~---------- ---- ~~--~-~-~~---
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Table v con't. 
~ 
Run No. VII con't. r-
Time ABS ~ 
Sec. Trial I Trial II --
-----
H 
10 67.5 3.51 3.40 rr---
11 75 3.58 3.48 
12 82.5 3.63 3.54 
13 90 3.68 3. 60_ 
14 97.5 3.72 3.65 
A 00 5.02 5.05 
--
Run No. VIII pH= 10.00 
Time ABS -
Sec. Trial I Trial II Trial III I! ----~-~ 
1 0 3.00 3.00 3.31 
2 7.5 3.13 3.12 3.42 --
~ 
3 15 3.26 3.25 3.52 -
4 22.5 3.37 3.36 3.62 
5 30 3.48 3 .. 45 3.71 
6 37.5 3.58 3.55 3 .. 80 
7 45 3.67 3. 611 3.87 
8 52.5 3.77 3-73 3.95 
9 60 3.85 3. 8_2. 4.02 
10 67.5 3.93 3.88 4.08 • 11 75 4.00 3.96 4.15 
12 82.5 4.07 4.03 4.21 
13 90 4.14 4.08 4.27 === 
-
14 97.5 4.20 4.15 4.32 §=---
: ~ 









Run No. IX pH = 10.27 ~------= 
~ Time ABS h----c::::-=::-:=-
Sec. Trial I Trial II Trial III n c 
-~" ,_ 
1 0 3.14 3.14 3.36 
2 13.5 3.42 3.42 3.65 
:..ro€3~, -:2 {.7• ~VI 3~.--2~ 
4 40.5 3.86 3.90 4.10 
5 54 4.05 4.07 4.27 ·-
6 67.5 4.18 4.24 4.43 ·-
7 81 4.30 4.36 4.54 -
8 94.5 4~41 4.46 4.63 
9 108 4.50 4.55 4. '72 
10 121.5 4.58 4.63 4.78 
11 135 4.64 4.70 ,4. 87 
12 148.5 4.74 4.76 4.93 
13 162 4.74 4.80 4.96 
14 175.5 4.80 4.84 5.00 
15 189 4.83 4.87 
16 202.5 4.85 4.90 





---------~ ~-- --- ------------~~-- ----- ---· 
Table V 





















































































































































Table v con't. 
r. 
·-
Run XI con't. ~ .. 
'" 
~ 
Time ABS ~ ~ nn 
Sec. Tr.ial I Trial II Trial III i:::=-== ,; 
p -
10 27 4.54 4.64 Ll. 68 "' 
11 30 4.60 4.70 4.75 
12 33 4. 6LI 4.75 4.80 
1 6 4.6 4. 78. 4.85 
14 39 4.73 4.82 5.30 
A co 5.20 5.29 
'-~ 
-
Run XII pH = 10.81 
-
ABS L: Time 
Sec. IJ.'rial I Tria.l II Trial III 
1 0 4 .. 19 3.95 3.93 ;:] 
2 1.5 4.30 4.05 4.04 
3 3 4.39 4.14 4.15 
4 4 c:: • ..J 4.48 Ll. 23 4.25 
5 6.G 4.56 ll. 33 4.34 
---- --
6 7.'5 4.65 4. 4 (1 4.42 
-
7 9.0 4.72 4. 4£; 4.50 
8 10.5 4.79 4.53 4.56 Ill 
9 12.0 4.84 4.59 4.63 
10 13.5 4.89 4.64 4.68 
11 15.0 4.94 4.69 4.73 -
-" 
12 16.5 4.98 4.74 4.77 = 
13 18.0 5.01 4.78 4.82 ::::: __ 
14 19.5 5.04 4.81 Ll. 86 fi 
A co 5-33 5.20 5.30 ;-; ------
---
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Table VI 
kobs ~lues For The ~drolysis or Caffeine Methildide 
k Log k obs · obs No. of Trials 
0.241 X 10-5 -5.619 1 
0.640 X lG-5 -5.194 l 
6 -4 0.51 X 10 -4.288 2 
0.925 X 10-4 ..:.4.034 2 
0.439 X 10-3 -3.358 2 
0.289 X 10-2 -2.539 3 
0.500 X 10-2 -2.303 2 
0.776 X 10-2 -2.110 3 
0.125 X 10-1 -1.904 3 
0.179 X 10-1 -1.7 4 7 3 
0.323 X 10-l -1.491 3 
0.635 X 10-1 -1.198 3 
. 
l'D'Wll''l' ~ I " 11:1ll I ' . ... ...... ·-'·· I


























Table VII f~ 
Rate Data for Activation Parameters 
u_ 
~-of the Hydrolysis. of Caffeine Methiodide ~·-
(25°-50°C pH = 9.87-9.12 ~ . 
-
~ 
Temperature 25°C '-------. a---· 
rr---
Time ABS 
Sec. '11rial I Trial II Trial III 
., e ~)It"\ 3-;-6-d '"I C::n o"'\J c..-.---o-u 
2 30 3.82 4.04 3.28 
3 60 4.18 4.43 3.79 .. 
4 90 4.49 4.75 4.17 
.. 
5 120 4.75 5.02 4.46 -
6 150 4.98 5.27 4.67 
7 180 5.18 5.48 4.83 
8 210 5.35 5.66 4.94 
-
L. 
9 240 5. 5"0 5.82 5.03 
10 270 5. 63" 5.95 5.10 
11 300 5.74 6.09 5.14 ~ 
----
12 330 5.84 6.20 5.18 
13 360 5.93 6. 2 7 5.21 
14 390 5.99 6.34 5.23 
15 420 6.05 6.40 
16 450 6.10 6. il6 
Aoo 6.41 6.B2 5.30 . = Ill 
----------~~ 
50 
------------------~.· ----·:-----. ---;:~-;~-;-~-;:--·-;-:------;-_-.~-... ,~ ..  
51 
52 








~ Sec. . Trial .I .Trial II Trial III ......: ___ ----: 
p---
~ ~ 
1 0 3-53 4.05 3.98 
2 4 3.98 4.38 4.34 
3 18 4.38 4.6~ 4.63 
4 27 4.68 4.90 4.87 
5 36 4.93 5.08 5.05 -
" 
6 45 5.13 5.22 5.20 
" 
7 54 5.28 5.33 5.33 " 
8 63 5.41 5.43 5.42 -
9 72 5.50 5.49 5.50 
10 81 5-57 5.54 5.57 
11 90 5.65 5.58 5.60 
12 99 5.69 5.62 5.64 
13 lOB 5-73 5.65 5.67 
14 11'{ 5.76 5.67 5.69 










For the Hydrolysis of Caffeine Methiodide (Data). 
Temperature Trials A, B, & C (Rate Const. = k · bs) 
oc OK pH Rate Const. A Rate Const. B Rate Const. C 
25 298 9.87 . 5.07 X l0-3 4.89 X 10-3 ---
30 303 9.72 8.19 X 10-3 7.88 X 10-3 7.86 X 10-3 
35 308 9.55 11.5 X 10-3 11.3 X 10-3 11.4 X 10-3 
40 313 9-39 17.5 X 10-3 18.0 X 10-3 17.7 X 10-3 
45 318 9.24 26.2 X 10-3 26.1 X 10-3 28.9 X 10-3 
50 323 9.12 37.4 X 10-3 38.8 X 10-3 39.2 X 10-3 
1 i "i : ll'"'~r~ i' I"" Tl'li'IJ:Ii!lll '"i I f'lllli'"'l:: l I:! I: .. :::: ftHif
1n~m '' :::1.:JIT1 ::il: 
Ave. 
4.98 X 10-3 
7.98 X 10-3 
11.4 X 10-3 
8 -3 17. X 10 
27.1 X 10-3 









Temperature kobs pH [OH] T 
oc OK deg-l 
25 298 0.00336 0.498 X 10-
2 9.87 7.41 X 10-5 
30 303 0.00330 0.798 X 10-
2 9.72 5.25 X 10-5 
35 308 0.00325 1.14 X 10-
2 9.55 3.55 X 10-5 
40 313 0.00320 1.78 X 10-
2 9.39 2.46 X 10-5 
45 318 0.00315 2.71 X 10-
2 9.24 1.74 X 10-5 
50 323 0.00310 ? o.- v 10-2 9.12 L 32 X J.0-
5 
J•0:J .. H, 
I''IIIB'" I~ I ,JJ: :·J n,: :: I 
I 
.I, ..... , .. , ...... .... ·-· ··'" "''"' 























Table IX (con't) 
Activation Parameters 
Energy of Activation (Ea) 
1 
of Lnkii Vs T (jpage No. 64 ) 
8 
_j -1 
= 1.9 7 cal mole r deg 
-14,800 deg-l = slope from the graph 
Ea = -R (slope) . R 
' 
Ea = -1.987 (-14,800) 
Ea = 4 -1 29 00 cal mole 
Enthalpy of Activation (~Ht) 
-14490 = 
krr 1 I 
slope from the graph of ln ~ Vs T (page ~o. 65 ) 
~Ht = -R (slope) 
~Ht = 28800 cal-mole-l 












Table IX (con't) 
Activation Parameters 
Entropy of Activation (~St) 
exp (~St/R) exp (-M-It /RT) R = 1.98t cal ~ole-1 deg -1 
-24 -1 
k t 
K = 3.3 K 10 cal deg 
obs K ~!! )R h = 1.581 x lo-34 cal sec -T- - Ln h + RT 
T = 298 'deg 
4 -1 -1 27. cal mole deg · ~Ht = 2880 0 cal mole-l 
.k =4.98 X 10-3 sec-l obs 
(at . 298° K) 
















Rate Data for kobs Calculations of 
The Hydrolysis of Caffeine Ethiodide 



































. GRAPH I 
Change in the absorbance at 276 nm ror 3.11 x 10-3 Mlcarfeine methiodide 
at pH= 9.78~ 24.4°C. 
~ 
1 4 9-< 
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Graph of Log (A
00
-At) vs. time for the hydrolysis of.lcaffeine methiodide 
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Graph of Ln kii vs. 1/T for~the hyd~olysis of caffeiae methiodide 
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NMR Spectrum No. IV 
Aqueous phase of the benzyl grignard 
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NMR Spectrum No. V I 
Ether phase of the benzyl grignard\ 
! caffeine methiodide reaction 
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